Objective: The novel estrogen receptor-α (ER-α) variant ER-α36 is reported to be functional in the estrogen signaling pathway and is related to tamoxifen resistance in breast cancer. However, ER-α36 tends to be a favorable factor for survival in patients without tamoxifen therapy. To investigate the mechanisms behind this paradox, we determined the differences between the transcriptional profiles of ER-α36 and full-length ER-α (ER-α66) in breast cancers and matched normal tissues. Methods: We analyzed ER-α36 and ER-α66 messenger RNA (mRNA) levels in 74 pairs of breast cancers and matched normal tissues using a real-time quantitative polymerase chain reaction (PCR) assay, and correlated the results with their clinicopathological characteristics. Results: Breast cancers expressed lower ER-α36 mRNA levels than matched normal tissues regardless of their ER-α66 expression status. Down-regulation of ER-α36 mRNA was correlated with local progression, lymph node metastasis, and advanced cancer stage. The level of ER-α66 mRNA was lower in ER-α negative breast cancers compared with matched normal tissues. No differences in ER-α66 mRNA levels were observed during cancer progression. Conclusion: Down-regulation of ER-α36 is associated with carcinogenesis and progression of breast cancer.
Introduction
Breast cancer is the most commonly diagnosed cancer type in women and ranks the second in female cancer deaths. About 194 280 new occurrences and 40 610 deaths are expected each year in the United States (Jemal et al., 2009) . While surgery, chemotherapy, and radiotherapy have become established modalities for breast cancer treatment, endocrine therapy, such as tamoxifen and aromatase inhibitors, can provide further survival benefits. Among all molecular factors involved in breast cancer management, the expression status of the 66 kDa estrogen receptor-α (ER-α, here termed ER-α66) has been widely accepted as a prognostic marker and a predictor for endocrine therapy response (Dunnwald et al., 2007; Fisher et al., 1988; Goldhirsch et al., 2005) . In general, ER-α66 is considered to be the receptor responsible for the proliferative effect of estrogens in breast cancer cells (Ström et al., 2004) ; breast cancer patients with tumors positive for ER-α66 respond favorably to antiestrogens compared to women with ER-α66 negative disease.
A single ER-α66 was considered to be responsible for all ER-α related estrogen biological actions in breast cancer until the discovery of its splice variants. These variants have been identified in both breast cancer cell lines (Flouriot et al., 2000) and breast cancer tissues (Kumar et al., 2006) . The novel 36 kDa variant (here termed ER-α36) which was first identified and cloned in 2005 (Wang et al., 2005) , lacks both transcriptional activation function domains (AF-1 and AF-2) but retains the DNA-binding domain, partial dimerization, and ligand-binding domains campared to the full-length ER-α66 (Fig. 1) . It was found that ER-α36 may influence ER-α66 mediated transcriptional activity (Wang et al., 2006) . In vivo studies of ER-α36 have shown some interesting results. Our earlier studies showed a decreased ER-α36 mRNA level in colorectal cancers compared to their matched normal tissues (Jiang et al., 2008) . Not surprisingly, as the breast is one of the main target organs for estrogen, our previous study confirmed ER-α36 expression in breast cancer by immunohistochemical staining (Lee et al., 2008) . However, a recent study has demonstrated that women with ER-α66-positive breast cancers that also express high levels of ER-α36 are less likely to benefit from tamoxifen treatment (Shi et al., 2009) . Surprisingly, positive ER-α36 expression in cancer samples seemed to be a favorable factor for disease-free survival (DFS) and disease-specific survival (DSS) in both ER-α66-positive and ER-α66-negative breast cancer patients who received chemotherapy alone (Shi et al., 2009) . Whether this phenomenon is related to the involvement of ER-α36 during carcinogenesis and progression of breast cancer and its potential interactions with ER-α66 remained to be fully elucidated. To address this issue, we performed real-time quantitative polymerase chain reaction (PCR) to compare the mRNA levels of ER-α36 and ER-α66 in breast cancers and their matched normal tissues and correlated the findings with the clinicopathological characteristics of these breast cancer patients.
Patients and methods

Patients and breast tissue samples
A total of 74 consecutive female breast cancer patients who underwent surgical procedures in the First Affiliated Hospital of Zhejiang University from 2006 to 2007 were included in this study. None of these patients received chemotherapy or endocrine therapy before surgery. The median age of all included patients was 52 years (range 25-80 years). Breast cancer samples and their matched normal tissues were collected immediately after surgery with informed consent and stored at −80 °C until used. Pathological diagnosis along with immunohistochemical staining [ER, progesterone receptor (PR), human epidermal growth factor receptor 2 (Her-2)] was performed using sections from the same specimens used for RNA extraction. All matched normal tissues were collected from a region distant from the edge of cancers to avoid contamination with cancer cells.
RNA extractions and cDNA synthesis
Total RNA was extracted from frozen tissues using TRIzol reagent according to the protocol provided by the manufacturer (Invitrogen, Carlsbad, CA, USA). Total RNA was reverse-transcribed into single-strand complementary DNA (cDNA) using moloney-murine leukemia virus (M-MLV) reverse transcriptase (Promega, Madison, WI, USA). Briefly, the RNA was denatured by heating for 5 min at 70 °C, followed by rapid cooling on ice, and then used for reverse transcription (2 μg of total RNA, 25 U of RNase inhibitor, 0.5 mmol/L of each dNTP, 1.5 μmol/L reverse primer and 200 U of M-MLV reverse transcriptase in a total volume of 25 μl). For reverse transcription, tubes were incubated at 42 °C for 60 min.
Real-time quantitative PCR
TaqMan real-time quantitative PCR was performed using the Line-Gene K Sequence Detection 
Fig. 1 Schematic representation of ER-α variants showing the A-F domains, the function of each domain and the last 27 amino acids (aa) of ER-α36
System (Bioer Technology, Hangzhou, China). Specific primer pairs and probes are listed in Table 1 . To measure the messenger RNA (mRNA) levels of ER-α36, we used primers directly targeting its 3′ untranslated region, so that the ER-α36 product amplified was not from the full-length ER-α66 product. The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was used as an endogenous control for normalization. The real-time quantitative PCR reaction was carried out in triplicate for each sample. Briefly, 25 μl of reaction mixture containing 1 μl of cDNA template, 1 μl each of sense and anti-sense primers, 0.75 μl of 5′ FAM-and 3′ TAMARA-labeled oligonucleotide probe, 2 μl of dNTP mixture, 5 μl of 5× reaction buffer, and 0.125 μl of Taq DNA polymerase was amplified as follows: denaturation at 95 °C for 10 min and 40 cycles at 95 °C for 20 s, 60 °C for 20 s, and 72 °C for 20 s. Quantitative analysis was performed using the comparative threshold cycle (C T ) method (Livak and Schmittgen, 2001 ). The expression level was determined as the ratio between ER-α66 or ER-α36 mRNA and the reference GAPDH mRNA to correct for the variation in the amounts of total RNA, which may directly represent the relative levels of the target transcripts. For analysis of relationships to clinicopathological characteristics, the amounts of ER-α66 and ER-α36 in the cancer samples were normalized to their corresponding normal tissues and were expressed as
according to the comparative C T method.
Statistical analysis
All data were analyzed using the SPSS 13.0 software package (SPSS Inc., Chicago, IL, USA). The differences in ER-α mRNA levels between breast cancers and their matched normal tissues were tested using the two-tailed Wilcoxon signed-rank test, whereas associations between ER-α mRNA levels and clinicopathological characteristics in breast cancer were tested using the nonparametric MannWhitney test. A P value of <0.05 was considered to be statistically significant.
Results
ER-α36 and ER-α66 mRNA levels in breast cancers and their matched normal tissues
A real-time quantitative PCR assay was developed to quantify the mRNA levels of ER-α36 and ER-α66 in breast cancers and their matched normal tissues. Amplified products of target mRNA were detected in all samples included in the study.
Of the 74 cancer samples, 52 were ER-α positive and 22 were ER-α negative as determined by immunohistochemical staining. Relative ER-α36 and ER-α66 mRNA levels are shown in Table 2 . A significantly higher level of ER-α66 mRNA was observed in both cancer samples and normal tissues in Table 1 Sequences of primers and probes used to detect ER-α variants
Primer
Probe Sequence (Fig. 2a) showed that the ER-α36 mRNA levels in both ER-α positive and negative breast cancers were significantly lower than those in their matched normal tissues (P<0.001 and P=0.002, respectively), and when considering all cases together (P<0.001).
The ER-α66 mRNA levels in ER-α negative breast cancers were significantly lower than those in their matched normal tissues (P=0.001). However, no significant differences between the levels of ER-α66 mRNA in breast cancers and their matched normal tissues were observed in the ER-α positive group or when considering all cases together (Fig. 2b) .
Association of ER-α36 and ER-α66 mRNA levels with clinicopathological characteristics in breast cancers
Associations between ER-α36 and ER-α66 mRNA levels in breast cancer samples and patient age, menopausal status, tumor size, lymph node metastasis, and tumor stage were further analyzed (Table 3 ). The ER-α36 mRNA level in cancers over 2 cm was significantly lower compared with cancers less than 2 cm (P=0.014). Similarly, cancers with lymph node metastasis showed significantly decreased ER-α36 mRNA levels compared to those without lymph nodes involvement (P=0.023). The ER-α36 mRNA level was also decreased in advanced diseases compared to early stage cancers (P=0.031). However, the ER-α66 mRNA levels in breast cancers did not show any significant correlation with age, menopausal status, tumor size, lymph node metastasis, and tumor stage. 
Discussion
Estrogen controls the physiology of the female reproductive system and the mammary glands and is considered to be a mitogen in the genesis and progression of breast cancers. These effects result mainly from the binding of estrogen to its specific receptors, ERs. The human ER-α66, which belongs to the nuclear receptor family of transcription factors, contains six conserved domains, A-F (Ponglikitmongkol et al., 1988) (Fig. 1) . Transcriptional activation is mediated by two activation function (AF) domains. The ligand-independent AF-1 is located at the N-terminal of the receptor (domain A/B) and the liganddependent AF-2 resides in the C-terminal (domain E/F) (Kumar et al., 1987; Kong et al., 2003) . Previous studies have reported the presence of several alternatively spliced ER-α66 mRNAs in both normal and malignant breast tissues Gotteland et al., 1995; Pfeffer et al., 1995; Leygue et al., 1996) . However, few translated protein products of those variants have been found naturally in breast cancers.
The novel variant ER-α36, in contrast to the full-length ER-α66, lacks both AF-1 and AF-2 but has a unique 27 amino acid domain at the C-terminal (Wang et al., 2005) . This structural change may significantly influence the response of ER-α36 to estrogens and antiestrogens compared to ER-α66. Patients with positive ER-α36 expression are less likely to benefit from tamoxifen treatment because of the tamoxifen mediated activation of the mitogenactivated protein kinase (MAPK) pathway in these patients. However, positive ER-α36 expression in cancer samples tends to be a favorable factor of DFS and DSS in breast cancer patients who do not receive tamoxifen therapy (Shi et al., 2009) . The underlying mechanisms of this paradox are still unclear.
In the present study, we performed real-time quantitative PCR procedures on samples from 74 paired breast cancers and normal breast tissues to quantify precisely the mRNA levels of ER-α66 and ER-α36. While our results showed that all cancers and normal tissues coexpress both ER-α mRNAs, cancer samples showed a decreased mRNA level of ER-α36 compared with their matched normal tissues regardless of their ER-α status. Moreover, our further analysis of the correlation between the level of ER-α36 mRNA in breast cancer and several clinicopathological characteristics showed a parallel finding. The results showed that relatively large tumors (>2 cm), tumors with lymph nodes metastases, or advanced stage (stage III+IV) tumors had lower ER-α36 mRNA levels than those found in tissues with less advanced disease. These findings suggest that down-regulation of ER-α36 is associated with carcinogenesis and progression of breast cancer, which may partially explain the fact that relatively high ER-α36 expression tends to be a favorable factor for survival in patients without tamoxifen therapy. Based on previous studies, alternatively spliced variants of ER-α66 could regulate the mRNA level of the full-length counterpart present in cells as well as the expression of functional proteins (Erenburg et al., 1997; Fuqua et al., 1992; Garcia Pedrero et al., 2003) . However, it was reported that the specific novel variant ER-α36 lacks intrinsic transcriptional activity. Interestingly, when co-transfecting with ER-α66 in ER negative HEK293 cells, ER-α36 can strongly inhibit estrogen-dependent and -independent transactivation activities by AF-1 and AF-2 domains of ER-α66 (Wang et al., 2006) . Given that breast cells typically express ER-α66 as confirmed by our study, it is reasonable to speculate that ER-α36 functions in a dominant negative pattern in the breast estrogen transactivation pathway, and may inhibit ER-α66 mediated transcriptional activation of estrogenresponsive genes. Therefore, decreased ER-α36 expression may lead to abnormal transcriptional activation and account in part for carcinogenesis and the progression of breast cancer.
Several studies have shown that the absolute and relative mRNA levels of ER-α66 and its variants change during breast cancer carcinogenesis and progression, but in a pattern dependent on ethnicity Anandappa et al., 2000; Poola and Speirs, 2001) . A profile of unchanged ER-α66 mRNA level between breast cancers and matched normal tissues in immunohistochemically ER-α positive cancers and reduced ER-α66 mRNA level in cancer samples compared with matched normal tissues in ER-α negative cancers was reported in African-American women, but not in Caucasian women (Poola et al., 2002) . Similar results were found in a study of Taiwanese women: an unchanged ER-α66 mRNA level was observed during breast malignant progression (Hsiao et al., 2006) . Our study adds a quantitative transcriptional profile of ER-α66 mRNA for Chinese women, which shows a close resemblance to results from African-American and Taiwanese women. Moreover, our study is the first to show the quantitative profile of the mRNA levels of the novel variant ER-α36 in carcinogenesis and progression of breast cancer.
Conclusion
Our study showed that the full-length ER-α66 and novel functional variant ER-α36 mRNAs are coexpressed in breast cancers and normal breast tissues. By applying real-time quantitative PCR techniques, our study revealed the quantitative transcriptional profile of the novel functional variant ER-α36 and showed that its mRNA level is decreased in breast cancers compared with matched normal tissues. Furthermore, down-regulation of the level of ER-α36 mRNA was observed in locally advanced or lymphatic metastases disease. All these findings suggest that ER-α36 may account in part for carcinogenesis and progression of breast cancer. Modulating ER-α36 activity may serve as a potential therapeutic strategy for breast cancers. However, because of the unavailability of commercial ER-α36 antibodies, further conclusions are not possible at this time. Here we provide evidence only of the mRNA levels of ER-α and its novel variant, ER-α36. The influence of stroma cells and lymphocytes should also be taken into consideration. Further methodological improvement, including the application of microdissection, may refine the results.
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